In recent years, Proteus has been recognized more frequently as a cause of many hospitalacquired infections (13) . Since Proteus commonly develop resistance to antibiotics (27) , such infections represent a serious therapeutic problem. The sources of these infections have not been established but may be due to autoinfection from the gut (10) or cross-infection in the hospital. Distinguishing between strains involved in epidemics and determining their source will remain nearly impossible until a simple and accurate typing system is available (27) .
In the past, several methods have been used to differentiate strains of Proteus. These methods include serological typing (17, 20, 21) , biochemical characterization (8, 10, 27) , antibiotic susceptibility patterns (5, 9, 10) , the Dienes reaction (2, 7, 22, 24) , bacteriocin typing (6) , and bacteriophage typing (10, 16, 18) . Previous bacteriophage typing systems have not been sensitive enough, but most investigators concluded that additional research on a basic set of typing phages would improve sensitivity and result in a useful system.
The purpose of this study was to establish a collection of bacteriophages which could be used for the differentiation of Proteus strains in epidemiological studies.
MATERIALS AND METHODS Media. The broth medium used in this study was nutrient broth (Difco). The solid medium, consisting of 0.5% peptone (Difco), 0.3% beef extract (Difco), 0.002 M CaCl2, and 1.5% agar (Difco), was sterilized by autoclaving. The soft agar was the same except that the agar concentration was 0.75%. This agar medium is referred to as electrolyte-deficient nutrient agar (EDNA) since the electrolyte, sodium chloride, was omitted to prevent swarming of' the organisms (14) . All media were autoclaved at 121 C for 15 (26) was used for the propagation of' the phages. Soft agar overlays were made, as previously described, with serial 10-fold dilutions of the cloned phages. The dilution giving nearly confluent lysis was determined and then used to prepare four identical soft agar overlays. Each overlay was covered with 5 ml of sterile nutrient broth, and, after standing for 4 to 6 h at room temperature, the broths were removed from the overlays and pooled. The pooled lysates were centrifuged at 5,000 x g for 15 min to remove the bacterial debris and were then stored at 4 C over a few drops of' chloroform. Each phage preparation was assayed with soft agar overlays by using serial 10-fold dilutions of the lysates. The highest dilution which just failed to give confluent lysis on the propagator strain was defined as the routine test dilution (RTD) for the typing procedure (4). Only dilutions of 10 I or greater were used as RTD in the typing procedure.
Phages were designated by numbers and letters. Phage 4a, for example, was the first phage type isolated from the sewage enrichment of P. mirabilis strain number 4. Phage 4b was the second plaque type isolated. P. mirabilis number 4 was the propagator strain for both of these phages. For phages designated by fractions, the propagator strain is the top number and the strain used in the sewage enrichment from which the phage was isolated is the bottom number. The phages used for typing P. mirabilis and P. vulgaris were propagated on P. mirabilis, except for phages 21b and 21c which were propagated on a P. morganii. All phages used for typing P. morganii were propagated on strains of P. morganii.
Bacteriophage typing. A modification of the method of Blair and Williams (4) was used for the phage typing. Cultures to be typed were grown for 16 h in 4 ml of nutrient broth at 35 C and swabbed onto well-dried EDNA plates. After drying for 30 min, 1 drop of the RTD of each of the 20 phages and a sterile broth control was applied to the seeded plates. The simultaneous application (0.01 ml) of all phages at RTD and 1,000 x RTD was performed with an Accu-Drop Dispenser (Accu-Tech Corp., New York) according to the recommendations of the manufacturer. After the drops dried, the plates were incubated for 6 to 8 h at 35 C. Lytic reactions were recorded as 4+ (complete lysis), 3+ (semiconfluent lysis), 2+ (discrete plaques too numerous to count), and 1 + (isolated countable plaques). Any strain with no lysis by any of the phages at RTD was retested at 1,000 x RTD, and lytic reactions of 2+ or greater were considered positive (9) .
Computer analysis of results. The phage typing patterns of P. mirabilis and P. vulgaris were considered as a single group, whereas the patterns of the P. morganii were considered separately. All tests were in agreement with those reported by previous investigators (8) . Agreement between the results from the API system and conventional tests was 100% except in the case of the citrate, sucrose, and nitrate reduction tests. All but one of the organisms had negative citrate tests, and only a few had positive sucrose reactions in the API system. None of the P. mirabilis had positive sucrose reactions. Also, 19 nitrate-positive strains (by conventional methods) were negative in the API system. Phage typing. The phage lysis patterns were determined by testing the P. mirabilis, P. morganii, P. vulgaris, and P. rettgeri isolates at RTD and 1,000 x RTD. In addition, 42 P. mirabilis, 13 P. vulgaris, 15 P. morganii, and 13 P. rettgeri from the Enterobacteriology Unit of the Center for Disease Control (CDC), Atlanta, were tested at RTD and 1,000 x RTD. To determine the host specificity of the phages, 16 species of the family Enterobacteriaceae were tested. Since the genus Providencia is most closely related to the genus Proteus, 13 (Table 3) .
The typing results for 15 strains of P. morganii from the CDC are shown in Table 6 . Six of the strains were in three of the groups established in Table 4 Table 4 .
h See Table 7 .
men type showed a nearly straight line. Such a result indicates that the phage groups demonstrated no trends in their infection patterns and thus were evenly distributed between the two sexes, throughout all age groups and specimen types. DISCUSSION P. mirabilis accounts for between 70 and 96% of all infections due to Proteus (10, 12, 21) . Of the isolates in this study, 87.7% were P. mirabilis, a figure which agrees with those reported by previous investigators. Most authors have shown the incidence of P. vulgaris, P. morganii, and P. rettgeri to be between 1 and 4% for each species. However, Adler et al. (2) observed P. morganii in 7.5% of the Proteus infections studied, whereas, in this study, a slightly higher rate of 9.0% was observed. The percentages of P. vulgaris and P. rettgeri seen in this study, 2.4 and 0.9%, respectively, are in agreement with previously reported figures (10, 12, 21) .
Nearly half (49.8%) of the isolates were obtained from females with urinary tract infections. This contributed to the imbalance in distribution of hosts, since 69.9% of all the isolates in this study were obtained from females. The rate observed in this study would seem to be significant, though certainly not unexpected, since females would be more disposed than males to autoinfection of the urinary tract from the intestinal flora.
The biochemical reactions, except for the H2S, citrate, and sucrose reactions, were in agreement with those of previous investigators (8) . The differences observed were not surprising, since a collection of Proteus isolated in a single geographic area may vary biochemically when compared to a collection from another area. A study of 413 strains of Proteus in the Memphis, Tenn., area showed that wide deviation from the average percentages can be expected for several biochemical reactions (25) . In most instances, the results from the Analytab were in agreement with the results from the conventional tests.
Many isolates in this study gave delayed positive reactions for the citrate, sucrose, and nitrate tests. Therefore, an incubation period longer than recommended for the Analytab may give more definitive results for these tests. When used as a diagnostic tool, the Analytab system permits identification of the four species of Proteus. As shown in Table 2 , 84.1% of the isolates were lysed by one or more of the phages: 71.6% were typed at RTD and 12.5% were typed only at 1,000 x RTD. These results are in agreement with previous phage typing studies of Proteus (2, 10, 15, 28 The phages active on P. mirabilis and P. vulgaris gave semiconfluent and confluent lytic areas which were always clear and easily distinguishable. No background growth was present, and thus no hazy or clouded reactions were seen. This was also true when testing with the phages at 1,000 x RTD. In a few instances, phage 13/3a did produce very clouded areas when used at 1,000 x RTD, and these were interpreted as inhibition of growth rather than lysis of the strain being tested.
The phages active on P. morganii did not give 27, 1974 on October 19, 2017 by guest http://aem.asm.org/ Downloaded from such obvious reactions. The plaques were very small and, in most cases, were hazy or clouded, even on the propagator strains. The differentiation between inhibition and lysis was slightly more difficult with the P. morganii phages than with those active on P. mirabilis and P. vulgaris. However, after gaining experience, this differentiation can be made easily, since the inhibitory reactions were generally much more clouded than actual lytic reactions. Dilution of phages in cases suspected of inhibition supported this observation. The phage preparations were stable when stored at 4 C over a few drops of chloroform. Even after several months, none of the phage lysates showed a decrease in titer greater than one-half log.
The phage susceptibilities of P. mirabilis and P. vulgaris ( The arrangement of isolates in Table 4 indicates that a more complete phage typing system for P. morganii probably would have many groups of approximately equal size. This trend was further substantiated by the results shown when 15 strains of P. morganii from the CDC were tested (Table 6, 7) . Six strains fell into three of the groups established in this study, but eight strains fell into five new groups. In all, 12 clinical isolates and 14 CDC strains of P. morganii were divided into 14 groups, with the largest group containing 7 strains. The next largest group, number 11, contained four isolates. The remaining 12 groups contained one or two isolates each. The P. morganii typing system will be complete only after further research with many additional strains.
A large portion of the CDC strains of P. mirabilis and P. vulgaris fell into group 1 ( Table  5) . Several of the strains of P. mirabilis supplied by the CDC were actually those isolated several years ago by Perch (17) . All of these strains except one fell into group 1 and thus contributed to the unusually high percentage of strains in that group. A new pattern of lysis not observed for any of the clinical isolates was observed for one organism and thus constitutes a new group, number 21 (Table 3) . In all, 70 CDC strains of Proteus were tested and 82.9% were typable. This figure is comparable to that observed for the clinically isolated Proteus, 84.1%. The results of these phage typing studies on 70 strains of Proteus sp. from the CDC serve to point out that strains from widely separated geographical areas demonstrate many of the same lysis patterns shown by locally isolated strains. A lysis pattern not previously seen for P. mirabilis was observed in only one instance.
The phages used in this study did not lyse any of the other strains of Enterobacteriaceae tested and thus appear to be highly specific for the genus Proteus. Also, none of the 28 strains of Providencia tested were lysed by these phages. To test the stability and reproducibility of the typing system, 50 clinical isolates were selected at random and tested several weeks after the initial typing. In addition, many isolates have been subsequently tested every few weeks as a check on the stability of the typing system. No changes in the initial phage lysis patterns were observed for any of the isolates. This indicates that the typing system is stable and the results are reproducible.
All of the data in this study were analyzed by computer. Correlations and two-way contingency tables showed a relationship between those Proteus in phage group 19 and the ability to reduce nitrates to nitrites. Phage group 19 had only 3 nitrate-positive isolates, but 9 delayed nitrate-positive isolates and 11 nitratenegative isolates using the conventional nitrate test. The relative significance of this observation has yet to be determined, but future research may provide an explanation for this unexpected correlation.
In an effort to determine whether the phage groups showed any trends, a computergenerated normal probability plot was constructed. The plot was nearly linear, which indicates that the phage groups showed no trends in their infection patterns and thus were evenly distributed between the two sexes, throughout all age groups and specimen types. This was confirmed by computer constructed scatter plots with the appropriate data. These scatter plots had a random distribution of phage groups. This observation is notable, since Vieu 
